
SPIROCYCLIC THROMBIN RECEPTOR ANTAGONISTS BACKGROUND
OF THE INVENTION The present invention relates to
himbacine derivatives, which can be useful as thrombin
receptor antagonists in the treatment of diseases
associated with thrombosis, atherosclerosis,
restenosis, hypertension, angina pectoris, arrhythmia,
heart failure, cerebral ischemia, stroke,
neurodegenerative diseases and cancer. Thrombin
receptor antagonists are also known as protease
activated receptor-1 (PAR-1) antagonists. The
compounds of the invention also can be useful as
cannabinoid (CB2) receptor inhibitors for the
treatment of rheumatoid arthritis, systemic lupus
erythematosus, multiple sclerosis, diabetes,
osteoporosis, renal ischemia, cerebral stroke,
cerebral ischemia, nephritis, inflammatory disorders
of the lungs and gastrointestinal tract, and
respiratory tract disorders such as reversible airway
obstruction, chronic asthma and bronchitis. The
invention also relates to pharmaceutical compositions
comprising said compounds. Thrombin is known to have a
variety of activities in different cell types.
Thrombin receptors are known to be present in such
cell types as human platelets, vascular smooth muscle
cells, endothelial cells and fibroblasts. It is
therefore expected that thrombin receptor antagonists
will be useful in the treatment of thrombotic,
inflammatory, atherosclerotic and fibroproliferative
disorders, as well as other disorders in which
thrombin and its receptor play a pathological role.
Thrombin receptor antagonist peptides have been
identified based on structure-activity studies
involving substitutions of amino acids on thrombin
receptors. In Bernatowicz et ai, J. Med. Chem.. 39
(1996), p. 4879-4887, tetra- and pentapeptides are
disclosed as being potent thrombin receptor
antagonists, for example
N-trans-cinnamoyl-p-fluoroPhe-p-guanidinoPhe-Leu-Arg-N
H2 and N-transcinnamoyl-
p-fluoroPhe-p-guanidinoPhe-Leu-Arg-Arg-NH2. Peptide
thrombin receptor antagonists are also disclosed in WO
94/03479, published February 17, 1994. Cannabinoid
receptors belong to the superfamily of G-protein
coupled receptors. They are classified into the
predominantly neuronal CBi receptors and
thepredominantly peripheral CB2 receptors. These
receptors exert their biological actions by modulating
adenylate cyclase and Ca+2 and K+ currents. While the
effects of CBi receptors are principally associated
with the central nervous system, CB receptors are
believed to have peripheral effects related to
bronchial constriction, immunomodulation and
inflammation. As such, a selective CB receptor binding
agent is expected to have therapeutic utility in the
control of diseases associated with rheumatoid
arthritis, systemic lupus erythematosus, multiple
sclerosis, diabetes, osteoporosis, renal ischemia,
cerebral stroke, cerebral ischemia, nephritis,
inflammatory disorders of the lungs and
gastrointestinal tract, and respiratory tract
disorders such as reversible airway obstruction,
chronic asthma and bronchitis (R. G. Pertwee, Curr.
Med. Chem. 6(8), (1999), 635; M. Bensaid, Molecular
Pharmacology . 63 (4), (2003), 908.). Himbacine, a
piperidine alkaloid of the formula has been identified
as a muscarinic receptor antagonist. The total
synthesis of (+)- himbacine is disclosed in
Chackalamannil et a/., J. Am. Chem. Soc , 118 (1996),
p. 9812-9813. Substituted tricyclic thrombin receptor
antagonists are disclosed in US 6,063,847, US
6,326,380 and U.S. Serial Nos. 09/880222 (WO 01/96330)
and 



10/271715. SUMMARY OF THE INVENTION The present
invention relates to compounds represented by the
formula formulaor a pharmaceutically acceptable salt
of said compound, wherein represents a double bond or
a single bond, as permitted by the valency
requirement; with the proviso that R10 is absent when
the carbon to which R10 is attached is part of a
double bond; B is -(CH2)n3-. -(CH2)-O-, -(CH2)S-,
-(CH2)-NR6-, -C(O)NR^-. -NR6C(O)-, L
-(CH2)n4CR12=CRi2a(CH2 )n5- or -(CH2)n4C C(CH2)n5-
Where in n3 is 0-5, n4 and ns are independently 0-2,
and R12 and R12a are independently selected from the
group consisting of hydrogen, alkyl and halogen; A, E,
G, J, K, M and U are independently selected from the
group consisting of -N(R54)-, -(CR 1R2)-, provisos
that selection of A, E, G, J, K, M and U does not
result in adjacent oxygen or sulfur atoms and that at
least one carbon atom appear between said oxygen,
nitrogen or sulfur atoms ; each n is 0, 1 or 2 with
the provisos that all n variables cannot be 0 and that
the total of n variables cannot be greater than 7;;
Het is a mono-, bi- or tricyclic heteroaromatic group
of 5 to 14 atoms comprised of 1 to 13 carbon atoms and
1 to 4 heteroatoms independently selected from the
group consisting of N, O and S, with the proviso that
there are no adjacent oxygen or sulfur atoms present
in the heteroaromatic group, wherein a ring nitrogen
can form an N-oxide or a quaternary group with an
alkyl group, wherein Het is attached to B by a carbon
atom ring member, and wherein the Het group is
substituted by 1 to 4 moieties, W, wherein each W is
independently selected from the group consisting of
hydrogen; alkyl; fluoroalkyl; difluoroalkyl;
trifluoroalkyl; cycloalkyl; heterocycloalkyl;
heterocycloalkyl substituted by alkyl or alkenyl;
alkenyl; R2 1-arylalkyl; R2 1-aryl-alkenyl;
heteroaryl; heteroarylalkyl; heteroarylalkenyl;
hydroxyalkyl; dihydroxyalkyl; aminoalkyl;
alkylaminoalkyl; di-(alkyl)-aminoalkyl; thioalkyl;
alkoxy; alkenyloxy; halogen; -NR4R5; -CN; -OH;
-C(O)OR17; -COR16; -OS(O2)CF3 ; -CH2OCH2CF3 ;
alkylthio; -C(O)NR RS; -OCHR -phenyl; phenoxyalkyl;
-NHCOR1 ; -NHSO2R1 ; biphenyl; -OC(R6)2COOR7;
-OC(RS)2C(O)NR4R5; alkoxy substituted by alkyl, amino
or -NHC(O)OR 1 ; aryl; aryl substituted by 1 to 3
substituents independently selected from the group
consisting ofalkyl, halogen, alkoxy, methylenedioxy,
carboxylic acid, carboxamide, amine, urea, amide,
sulfonamide, -CN, -CF3, -OCF3, -OH, alkylamino-,
di-(alkyl)amino-, -NR25R26alkyl-, hydroxyalkyl-,
-C(O)ORi 7, -CORI 7 , -NHCORI6, -NHS(O)2R16 ,
-NHS(O)2CH2CF3, -C(O)NR25R26, -NR25-C(O)-NR 25R26,
-S(O)R 16, -S(O)2R16 and -SR 16; or alkyl optionally
substituted with -NR1R2, -NR1COR2, -NR1CONR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR 1, -CONR 1R2heteroaryl, hydroxyalkyl, alkyl or
-S(O)2-alkyl;-C(O)NR 4R5 or heteroaryl;wherein
adjacent carbons on the Het ring can optionally form a
ring with a methylenedioxy group; R1 and R2 are
independently selected from the group consisting of
hydrogen, alkyl, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, cycloalkyl, alkenyl, alkoxy,
arylalkyl, arylalkenyl, heteroarylalkyl,
heteroarylalkenyl, hydroxy, hydroxyalkyl, alkoxyalkyl,
aminoalkyl, aryl and thioalkyl; or R1 and R2 when
attached to nitrogen, taken together, form a mono or
bicyclic 



heterocyclic ring of 4 to 10 atoms, with 1-3
heteroatoms selected from -O-, -N-, -S-, -S(O)-,
-S(O)2- and with the proviso that S and O ring atoms
are not adjacent to each other, where said
heterocyclic ring is unsubstituted or substituted with
one or more groups selected from alkyl, halogen,
hydroxy, alkoxy, aryloxy and arylalkoxy; R6 is
hydrogen, alkyl or phenyl; R7 is hydrogen or alkyl;
each R13 is independently selected from hydrogen,
alkyl, cycloalkyl, haloalkyl, halogen, -(CH 2UNHC(O)OR
16 , -(CH 2)n6NHC(O)R16b, -(CH 2UNHC(O)NR 4R5, -(CH
2)n6NHSO2R16, -(CH 2)n6NHSO2NR4R5, and -(CH2)
n6C(O)NR28R29, where n6 is 0- 4; each R14 is
independently selected from the group consisting of
hydrogen, alkyl, -OH, alkoxy, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl,
halogen, haloalkyl, -(CH 2)n6NHC(O)OR16b, -(CH
2)n6NHC(O)R16b, -(CH 2UNHC(O)NR 4R5, -(CH 2UNHSO 2R16
, -(CH 2UNHSO 2NR4R5, and -(CH2UC(O)NR 28R29 where n6
is 0-4; where R4 and R5 are independently selected
from the group consisting of hydrogen, alkyl, phenyl,
benzyl and cycloalkyl, or R4 and R5 together can form
a ring with the nitrogen to which they are attached,
wherein saidring formed by R4 and R5 is optionally
substituted with =0, OH, OR1 or -C(O)OH; or R13 and
R14 taken together form a spirocyclic or a
heterospirocyclic ring of 3-6 ring atoms, wherein said
heterospirocyclic ring contains 2 to 5 carbon ring
atoms and 1 or 2 hetero ring atoms selected from the
group consisting of O, S and N; R16 is independently
selected from the group consisting of hydrogen, alkyl,
phenyl and benzyl; R16a is independently selected from
the group consisting of hydrogen, alkyl, phenyl and
benzyl; R16b is hydrogen, alkoxy, alkyl, alkoxyalkyl-,
R22-O-C(O)-alkyl-, cycloalkyl, R2 1- aryl, R2
1-arylalkyl, haloalkyl, alkenyl, halo substituted
alkenyl, alkynyl, halo substituted alkynyl, R2
1-heteroaryl, (R2 1-heteroaryl)-alkyl-, (R2 1
-heterocycloalkyl)-alkyl-, R28R29N-alkyl-,
R28R29N-C(O)-alkyl-, R28R29N-C(O)O-alkyl-,
R28OC(O)N(R29)-alkyl-, R28S(O)2N(R29)-alkyl-,
R28R29N-C(O)-N(R29)-alkyl-,
R28R29N-S(O)2N(R29)-alkyl-, R28-C(O)N(R 29)-alkyl-,
R28R29N-S(O)2-alkyl-, HOS(O)2-alkyl-,
(OH)2P(O)2-alkyl-, R28-Salkyl-, R28-S(O)2-alkyl- or
hydroxyalkyl; R17 is independently selected from the
group consisting of hydrogen, alkyl, phenyl and
benzyl; R18 and R19 are hydrogen, alkyl, aryl,
R21-aryl, heteroaryl, cycloalkyl, heterocyclyl,
alkoxyalkyl, haloalkoxyalkyl, aryloxyalkyl,
arylalkoxyalkyl, heteroaryloxyalkyl,
heteroarylalkoxyalkyl, cycloalkyloxyalkyl,
(heterocyclyl)alkyloxyalkyl, alkoxyalkyloxyalkyl,
-S(O)2-alkyl, -C(NH)NR 1R2 or alkyl substituted with
one or two moieties selected from cycloalkyl, halogen,
hydroxy, -NR1R2, -NR1C(O)R2, -NR1C(O)NR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR 1 and -C(O)NR 1R2; or R18 and R19 together
with the nitrogen to which they are attached, form a
mono or bicyclic heterocyclic ring of 4 to 10 atoms,
having 1-3 hetero ring atoms selected < from -O-, -N-,
-S-, -S(O)-, -S(O)2. and 1 - , with the proviso that S
and O atoms 



are not adjacent to each other, the ring being
unsubstituted or substituted with one or more groups
selected from alkyl, halogen, hydroxy, alkoxy,
aryloxy, arylalkoxy, -NR1R2, -NR1COR2, -NR1C(O)NR 1R2,
-NR1C(O)OR2, -NR 1S(O)2R2, -NR1S(O2)NR1R2,-C(O)OR1,
-CONR1R2 and alkyl substituted with -NR1R2, -NR1COR2,
-NR1CONR1R2, -NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2,
-C(O)OR 1 Or -CONR1R2; R2 1 is 1 to 3 moieties and
each R2 1 is independently selected from the group
consisting of hydrogen, -CN, -CF3, -OCF3, halogen,
-NO2, alkyl, -OH, alkoxy, alkylamino-,
di-(alkyl)amino-, -NR25R26alkyl-, hydroxyalkyl-,
-C(O)OR 17 , -COR17, -NHCOR16 , -NHS(O)2R16 ,
-C(NH)-NH2, -NHS(O)2CH2CF3, -C(O)NR25R26,
-NR25-C(O)-NR25R26, -S(O)R 16, -S(O)2R16, -SR 16;
-SO2NR4R5 and -CONR4 R5; or two adjacent R2 1 moieties
can form a methylenedioxy group; R22 is hydrogen,
alkyl, phenyl, benzyl, -COR16 , -CONR1 R19 .-COR 23,
-S(O)R3 1, -S(O)2R31 , -S(O2)NR24R25 or -C(O)OR 27; R
z js wherein R and R are independently selected from
the group consisting of hydrogen, alkyl, and
R37-substituted alkyl, wherein R37 is selected from
the group consisting of HO-, HS-, CH2S-, -NH2, phenyl,
p-hydroxyphenyl and indolyl; or R23 is alkyl;
haloalkyl; alkenyl; haloalkenyl; alkynyl; cycloalkyl;
cycloalkylalkyl; cycloalkyl substituted by 1 to 3
substituents selected from the group consisting of
alkoxyalkyl, alkyl, halogen, hydroxy, alkoxy, aryloxy,
arylalkoxy, -NR1R2, -NR1C(O)R2, -NR1C(O)NR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR1 and -CONR1R2; aryl; aralkyl; heteroaryl;
heterocycloalkyl; alkyl substituted with -NR1R2,
-NR1COR2 -NR1CONR1R2, -NR1C(O)OR2, -NR1S(O2)R2,
-NR1S(O2)NR1R2, -C(O)OH, -C(O)OR 1, -CONR1R2 and -SO
3H; R24, R25 and R26 are independently selected from
the group consisting of hydrogen, alkyl, haloalkyl,
alkenyl, alkynyl, aryl, aralkyl, cycloalkyl,
halocycloalkyl, alkoxyalkyl, hydroxy and alkoxy; R27
is 1 to 3 moieties and each R27 is selected from the
group consisting of hydrogen, alkyl, and cycloalkyl,
wherein R27 is optionally substituted with -OH,
-C(O)OH, halogen and alkoxy; R28 and R29 are
independently selected from the group consisting of
hydrogen, alkyl, alkoxy, arylalkyl, heteroaryl,
heteroarylalkyl, hydroxyalkyl, alkoxyalkyl,
heterocyclyl, heterocyclylalkyl, and haloalkyl; or R28
and R29 taken together form a spirocyclic or a
heterospirocyclic ring having 3-6 ring atoms; R32 and
R33 are independently selected from the group
consisting of hydrogen, R34- alkyl, R34-alkenyl,
R34-alkynyl, R40-heterocycloalkyl, R38-aryl,
R38-aralkyl, R42-cycloalkyl, R42-cycloalkenyl, -OH,
-OC(O)R43, -C(O)OR43, -C(O)R43, -C(O)NR43R44,
-NR43R44, -NR43C(O)R44, -NR43C(O)NR44R45, -NHS(O)2R43,
-OC(O)NR43R44, R37- alkoxy, R37-alkenyloxy,
R37-alkynyloxy, R40-heterocycloalkyloxy,
R42-cycloalkyloxy, R42-cyclo-alkenyloxy,
R42-cycloalkyl-NH-, -NHSO 2NHR16 and-CH(=NOR 17) ; or
R32 and R33 are combined to form a ring structure Q,
below where R9 is hydrogen, OH, alkoxy, halogen or
haloalkyl; Q is fused R-substituted aryl,
R-substituted heteroaryl, R-substituted heterocyclic
ring of 4-8 atoms containing 1-3 heteroatoms selected
from O, S, S(O), S(O)2 and NR22 with the proviso that
S and O cannot be adjacent to one another; or 



Q is R10 and R1 1 are independently selected from the
group consisting of R1, fluoroalkoxy, difluoroalkoxy,
trifluoroalkoxy, cycloalkyloxy, alkenyloxy,
arylalkoxy, arylalkenyloxy, heteroarylalkoxy,
heteroarylalkenyloxy, hydroxyalkoxy, alkoxyalkoxy,
aminoalkoxy, aryloxy and thioalkoxy, provided that
when ring Q is aromatic and the carbon atoms bearing
R10 and R1 1 are connected by a double bond, R10 and
R11 are absent; R is 1 to 5 moieties and each R is
independently selected from the group consisting of
hydrogen, alkyl, halogen, hydroxy, amino, alkylamino,
dialkylamino, alkoxy, -COR1 , -C(O)OR1 7 , -C(O)NR4R5,
-SOR1 , -S(O2)R 1 6 , -NR16C0R 1 -NR 1 6 C(O)OR1 ,
-NR16CONR4 R5 , -NR16S(O2)NR4R5, fluoroalkyl,
difluoroalkyl,trifluoroalkyl, cycloalkyl, alkenyl,
arylalkyl, arylalkenyl, heteroarylalkyl,
heteroarylalkenyl, hydroxyalkyl, aminoalkyl, aryl and
thioalkyl; R34 is 1 to 3 moieties and each R34 is
independently selected from the group consisting of
hydrogen, halogen, -OH, alkoxy, R47-aryl, alkyl-C(O)-,
alkenyl-C(O)-, alkynyl-C(O)-, heterocycloalkyl,
R39-cycloalkyl, R39-cycloalkenyl, -OC(O)R43,
-C(O)OR43, -C(O)R43, -C(O)NR43R44, -NR43R44,
-NR43C(O)R44, -NR43C(O)NR44R45, -NHSO2R43,
-OC(O)NR43R44, R39-alkenyloxy, R39-alkynyloxy,
R40-heterocycloalkyloxy, R42- cycloalkyloxy,
R42-cycloalkenyloxy, R42-cycloalkyl-NH-, -NHSO 2NHR16
and -CH(=NOR 17); R38 is 1 to 3 moieties and each R38
is independently selected from the group consisting of
hydrogen, heterocycloalkyl, halogen, -C(O)OR48, -CN,
-C(O)NR49R50, -NR51C(O)R52, -OR48, cycloalkyl,
cycloalkylalkyl, alkylcycloalkylalkyl,
haloalkylcycloalkylalkyl, hydroxyalkyl, alkoxyalkyl,
and R52-heteroaryl; or two R38 groups on adjacent ring
carbons form a fused methylenedioxy group; R39 is 1 to
3 moieties and each R39 is independently selected from
the group consisting of hydrogen, halogen and alkoxy;
R40 is 1 to 3 moieties and each R40 is independently
selected from the group consisting of hydrogen,
R41-alkyl, R41-alkenyl and R4 1-alkynyl; R4 1 is
hydrogen, -OH or alkoxy; R42 is 1 to 3 moieties and
each R42 is independently selected from the group
consisting of hydrogen, alkyl, -OH, alkoxy and
halogen; R43, R44 and R45 are independently selected
from the group consisting of hydrogen, alkyl,
alkoxyalkyl, R38-arylalkyl, R46-cycloalkyl, R53
cycloalkylalkyl, R38-aryl, heterocycloalkyl,
heteroaryl, heterocycloalkylalkyl and heteroarylalkyl;
R46 is hydrogen, alkyl, hydroxyalkyl or alkoxy; R47 is
1 to 3 moieties and each R47 is independently selected
from the group consisting of hydrogen, alkyl, -OH,
halogen, -CN, alkoxy, trihaloalkoxy, alkylamino,
di(alkyl)amino, -OCF3, hydroxyalkyl, -CHO,
-C(O)alkylamino, -C(O)di(alkyl)amino, -NH2,
-NHC(O)alkyl and -N(alkyl)C(O)alkyl; R48 is hydrogen,
alkyl, haloalkyl, dihaloalkyl or trifluoroalkyl; R49
and R50 are independently selected from the group
consisting of hydrogen, alkyl, aralkyl, phenyl and
cycloalkyl, or R49 and R50 together are -(CH 2)4- ,
-(CH2)S- or -(CH 2)2-NR39-(CH2)2- and form a ring with
the nitrogen to which they are attached; R5 1 and R52
are independently selected from the group consisting
of hydrogen, alkyl, aralkyl, phenyl and cycloalkyl, or
R5 1 and R52 in the group -NR39C(O)R40,together with
the nitrogen atoms to which they are attached, form a
cyclic lactam having 5-8 ring members; 



R53 is hydrogen, alkoxy, -SOR , -SO2R17, -C(O)OR ,
-C(O)NRiSRi 1 a lkyl, halogen, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, cycloalkyl, alkenyl,
aralkyl, arylalkenyl, heteroarylalkyl,
heteroarylalkenyl, hydroxyalkyl, aminoalkyl, aryl,
thioalkyl, alkoxyalkyl or alkylaminoalkyl; and R54 is
selected from the group consisting of hydrogen; alkyl;
fluoroalkyl; difluoroalkyl; trifluoroalkyl;
cycloalkyl; cycloalkyl substituted by 1 to 3
substituents selected from the group consisting of
alkoxyalkyl, alkyl, halogen, hydroxy, alkoxy, aryloxy,
arylalkoxy, -NR1R2, -NR1C(O)R2, -NR1C(O)NR1R2,
-NR1C(O)OR2, -NR1S(O)2R2, -NR1S(O)2NR1R2, -C(O)OH,
-C(O)OR 1 and -CONR1R2; alkenyl; alkoxy; arylalkyl;
arylalkenyl; heteroarylalkyl; heteroarylalkenyl;
hydroxy; alkoxy; hydroxyalkyl; alkoxyalkyl;
aminoalkyl; aryl; heteroaryl; thioalkyl and alkyl
substituted by 1 to 3 subsituents selected from the
group consisting of urea, sulfonamide, carboxamide,
carboxylic acid, carboxylic ester and sulfonyl urea;
and pharmaceutically acceptable salts thereof.
Pharmaceutical compositions comprising at least one
compound of formula I and a pharmaceutically
acceptable carrier are also provided. The compounds of
the present invention can be useful as Thrombin
receptor antagonists, also known as PAR-1 antagonists,
or as cannabinoid (CB2) receptor antagonists. Thrombin
receptor antagonist compounds of the present invention
can have antithrombotic, anti-platelet aggregation,
anti-atherosclerotic, anti-restenotic anti-coagulant,
and/or anti-inflammatory activity. CB2 receptor
inhibitor compounds of the present inventio can be
useful for the treatment of rheumatoid arthritis,
systemic lupus erythematosus, multiple sclerosis,
diabetes, osteoporosis, renal ischemia, cerebral
stroke, cerebral ischemia, nephritis, inflammatory
disorders of the lungs and gastrointestinal tract, and
respiratory tract disorders such as reversible airway
obstruction, chronic asthma and bronchitis. Compounds
of the invention can be useful for the treatment of
thrombosis, atherosclerosis, restenosis, hypertension,
angina pectoris, angiogenesis related disorders,
arrhythmia, a cardiovascular or circulatory disease or
condition, heart failure, acute coronary syndrome
(ACS), myocardial infarction, glomerulonephritis,
thrombotic stroke, thromboembolytic stroke, peripheral
vascular diseases, deep vein thrombosis, venous
thromboembolism, a cardiovascular disease associated
withhormone replacement therapy, disseminated
intravascular coagulation syndrome, cerebral
infarction, migraine, erectile dysfunction, rheumatoid
arthritis, rheumatism, astrogliosis, a fibrotic
disorder of the liver, kidney, lung or intestinal
tract, systemic lupus erythematosus, multiple
sclerosis, osteoporosis, renal disease, acute renal
failure, chronic renal failure, renal vascular
homeostasis, renal ischemia, bladder inflammation,
diabetes, diabetic neuropathy, cerebral stroke,
cerebral ischemia, nephritis, cancer, melanoma, renal
cell carcinoma, neuropathy, malignant tumors,
neurodegenerative and/or neurotoxic diseases,
conditions or injuries, Alzheimer's disease, an
inflammatory disease or condition, asthma, glaucoma,
macular degeneration, psoriasis, endothelial
dysfunction disorders of the liver, kidney or lung,
inflammatory disorders of the lungs and
gastrointestinal tract, respiratory tract disease or
condition, radiation fibrosis, endothelial
dysfunction, periodontal diseases or wounds, or a
spinal cord injury, or a symptom or result thereof, as
well as other disorders in which thrombin and its
receptor play a pathological role. 



In particular, compounds of the present invention are
used to treat acute coronary syndrome, myocardial
infarction ot thrombotic stroke. Compounds of the
present invention can also be used in a method to
treat or prevent a condition associated with
cardiopulmonary bypass surgery (CPB) comprising
administering an effective amount of at least one
thrombin receptor antagonist to a subject of said
surgery. CPB surgery includes coronary artery bypass
surgery (CABG), cardiac valvular repair and
replacement surgery, pericardial and aortic repair
surgeries. In particular, the present invention
relates to a method of treating or preventing a
condition associated with CABG surgery comprising
administering an effective amount of at least one
thrombin receptor antagonist to a subject of said
surgery. The conditions associated with CABG are
selected from the group consisting of: bleeding;
thrombotic vascular events such as thrombosis,
restenosis; vein graft failure; artery graft failure;
atherosclerosis, angina pectoris; myocardial ischemia;
acute coronary syndrome myocardial infarction; heart
failure; arrhythmia; hypertension; transient ischemic
attack; cerebral function impairment; thromboembolic
stroke; cerebral ischemia; cerebral infarction;
thrombophlebitis; deep vein thrombosis; and,
peripheral vascular disease. In another embodiment,
compounds of the present invention are useful in a
method for treating and/or preventing radiation-
and/or chemical-induced toxicity in non-malignant
tissue in a patient comprising administering a
therapeutically effective amount of a compound of
formula I. In particular, the radiation- and/or
chemicalinduced toxicity is one or more of intestinal
fibrosis, pneumonitis, and mucositis. In a preferred
embodiment, the radiation- and/or chemical-induced
toxicity is intestinal fibrosis. In another preferred
embodiment, the radiation- and/or chemical-induced
toxicity is oral mucositis. In yet another embodiment,
the radiation- and/or chemicalinduced toxicity is
intestinal mucositis, intestinal fibrosis, intestinal
radiation syndrome, or pathophysiological
manifestations of intestinal radiation exposure. The
present invention also provides methods for reducing
structural radiation injury in a patient that will be
exposed, is concurrently exposed, or was exposed to
radiation and/or chemical toxicity, comprising
administering a therapeutically effective amount of a
compound of formula I. The present invention also
provides methods for reducing inflammation in a
patient that will be exposed, is concurrently exposed,
or was exposed to radiation and/or chemical toxicity,
comprising administering a therapeutically effective
amount of a compound of formula I. The present
invention also provides methods for adverse tissue
remodeling in a patient that will be exposed, is
concurrently exposed, or was exposed to radiation
and/or chemical toxicity, comprising administering a
therapeutically effective amount of a compound of
formula I. The present invention also provides methods
for reducing fibroproliferative tissue effects in a
patient that will be exposed, is concurrently exposed,
or was exposed to radiation and/or chemical toxicity,
comprising administering a therapeutically effective
amount of a compound of formula I. The present
invention further provides methods useful for treating
a cell proliferative disorder in a patient suffering
therefrom comprising administering a therapeutically
effective amount of a compound of formula I . In one
embodiment, the cell proliferative disorder is
pancreatic cancer, glioma, ovarian cancer, colorectal
and/or colon cancer, breast cancer, prostate cancer,
thyroid cancer, lung cancer, melanoma, or stomach
cancer. In one embodiment, the glioma is an anaplastic



astrocytoma. In another embodiment, the glioma is a
glioblastoma multiforme. As used above, the term
inflammatory disease or condition includes irritable
bowel syndrome, Crohn's disease, nephritis or a
radiation- or chemotherapy- induced proliferative or
inflammatory disorder of the gastrointestinal tract,
lung, urinary bladder, gastrointestinal tract or other
organ. The term respiratory tract disease or condition
includes reversible airway obstruction, asthma,
chronic asthma, bronchitis or chronic airways disease.
"Cancer" includes renal cell carcinoma or an
angiogenesis related disorder. "Neurodegenerative
disease" includes Parkinson's disease,amyotropic
lateral sclerosis, Alzheimer's disease, Huntington's
disease or Wilson's disease. Certain embodiments of
this invention also relate to a method of using an
effective amount of at least one compound of Formula I
in combination with one or more additional agents for
the treatment of thrombosis, atherosclerosis,
restenosis, hypertension, angina pectoris,
angiogenesis related disorders, arrhythmia, a
cardiovascular or circulatory disease or condition,
heart failure, acute coronary syndrome (ACS),
myocardial infarction, glomerulonephritis, thrombotic
stroke, thromboembolytic stroke, peripheral vascular
diseases, deep vein thrombosis, venous
thromboembolism, a cardiovascular disease associated
with hormone replacement therapy, disseminated
intravascular coagulation syndrome, cerebral
infarction, migraine, erectile dysfunction, rheumatoid
arthritis, rheumatism, astrogliosis, a fibrotic
disorder of the liver, kidney, lung or intestinal
tract, systemic lupus erythematosus, multiple
sclerosis, osteoporosis, renal disease, acute renal
failure, chronic renal failure, renal vascular
homeostasis, renal ischemia, bladder inflammation,
diabetes, diabetic neuropathy, cerebral stroke,
cerebral ischemia, nephritis, cancer, melanoma, renal
cell carcinoma, neuropathy, malignant tumors,
neurodegenerative and/or neurotoxic diseases,
conditions or injuries, Alzheimer's disease, an
inflammatory disease or condition, asthma, glaucoma,
macular degeneration, psoriasis, endothelial
dysfunction disorders of the liver, kidney or lung,
inflammatory disorders of the lungs and
gastrointestinal tract, respiratory tract disease or
condition, radiation fibrosis, endothelial
dysfunction, periodontal diseases or wounds, or a
spinal cord injury, or a symptom or result thereof. It
is contemplated that a combination of this invention
may be useful in treating more than one of the
diseases listed. For treating and/or preventing
radiation- and/or chemical-induced toxicity in
non-malignant tissue, the present invention includes
administering to a patient in need of such treatment
an effective amount of a combination of one or more
compounds of formula I and one or more
radiation-response modifiers selected from the group
consisting of Kepivance(tm) (palifermin), L-glutamine,
teduglutide, sucralfate mouth rinses, iseganan,
lactoferrin, mesna and trefoil factor. For treating a
cell proliferative disorder the present invention
includes administering to a patient in need of such
tretment an effective amount of a combination of one
or more compounds of formula I and another
antineoplastic agent. In one embodiment, the other
antineoplastic agent is temozolomide and the cell
proliferative disorder is glioma. In another
embodiment, the other antineoplasticagent is
interferon and the cell proliferative disorder is
melanoma. In one embodiment, the other antineoplastic
agent is PEG-lntron (peginterferon alpha-2b) and the
cell proliferative disorder is melanoma.
Pharmaceutical compositions comprising a
therapeutically effective amount of a combination of
at least one compound of formula I and at least one
additional 



cardiovascular agent in a pharmaceutically acceptable
carrier are also provided. Pharmaceutical compositions
comprising a therapeutically effective amount of a
combination of at least one compound of formula I and
a radiation-response modifier in a pharmaceutically
acceptable carrier are also provided. Pharmaceutical
compositions comprising a therapeutically effective
amount of a combination of at least one compound of
formula I and an antineoplastic agent in a
pharmaceutically acceptable carrier are also provided.
It is further contemplated that the combination of the
invention can be provided as a kit comprising in a
single package at least one compound of formula I in a
pharmaceutical composition, and at least one separate
pharmaceutical composition comprising a cardiovascular
agent, a radiation-response modifier, or an
antineoplastic agent. DETAILED DESCRIPTION: In one
embodiment, the present invention provides compounds
represented by structural formula I , or
pharmaceutically acceptable salt thereof, wherein the
various moieties are as described as above. For
compounds of Formula I, preferred embodiments of the
compounds of formula I are as follows:MIXED
SUPERSCALAR AND VLIW INSTRUCTION ISSUING AND
PROCESSING METHOD AND SYSTEM FIELD [0001] The
disclosed subject matter relates to data
communications. More particularly, this disclosure
relates to a novel and improved method and system for
mixed superscalar and VLIW instruction issuing and
processing in a digital signal processor. DESCRIPTION
OF THE RELATED ART [0002 ] A modern day communications
system must support a variety of applications. One
such communications system is a code division multiple
access (CDMA) system that supports voice and data
communication between users over a satellite or
terrestrial link. The use of CDMA techniques in a
multiple access communication system is disclosed in
U.S. Pat. No. 4,901,307, entitled "SPREAD SPECTRUM
MULTIPLE ACCESS COMMUNICATION SYSTEM USING SATELLITE
OR TERRESTRIAL REPEATERS," and U.S. Pat. No.
5,103,459, entitled "SYSTEM AND METHOD FOR GENERATING
WAVEFORMS IN A CDMA CELLULAR TELEHANDSET SYSTEM," both
assigned to the assignee of the claimed subject
matter. [0003] A CDMA system is typically designed to
conform to one or more standards. One such first
generation standard is the "TIA/EIA/IS-95
Terminal-Base Station Compatibility Standard for
Dual-Mode Wideband Spread Spectrum Cellular System,"
hereinafter referred to as the IS-95 standard. The
IS-95 CDMA systems are able to transmit voice data and
packet data. A newer generation standard that can more
efficiently transmit packet data is offered by a
consortium named "3rd Generation Partnership Project"
(3GPP) and embodied in a set of documents including
Document Nos. 3G TS 25.211, 3G TS 25.162, 3GTS 25.213,
and 3G TS 25.114, which are readily available to the
public. The 3GPP standard is hereinafter referred to
as the W-CDMA standard. [ 0004] Digital signal
processors (DSPs) may find valuable use in wireless 



handsets complying with the above standards. In
particular, wireless handsets are requiring and
increasingly will require that the DSP execute
instructions from userorientation, scientific, and
multimedia applications, as well as many other types
of applications. The processor resource requirements
may vary widely and dynamically for applications such
as television broadcasts, streaming message tickers,
electronic mail (including messages with attached
documents), as well as resident applications, such as
photography and PDA applications, all from the same
DSP. [0005] In such DSPs, different applications may
require the use of instructions that are best formed
and operable in different processor architectures. For
example, some instructions may be best formed and
operable in an architecture known as a superscalar
architecture. On the other hand, other instructions
may be best formed and operable in an architecture
known as the VLIW (Very Long Instruction Word)
architecture. A superscalar architecture uses dynamic
scheduling, e.g., the hardware controls the issue of
instruction dynamically. For static scheduling, the
VLIW architecture depends on a compiler to schedule
concurrent instructions and rearranges them into a
long instruction word. Such a compiler performs issue
scheduling for parallel execution of the VLIW
instructions. [0006] The superscalar architecture
improves performance by concurrent execution of scalar
instructions in more than one instruction per cycle.
That is, a scalar processor executes one instruction
at a time. In contrast, the superscalar architecture
allows concurrent execution of instructions in the
same pipeline stage. The superscalar architecture
improves the performance of the execution of scalar
instructions, but not without certain limitations. For
example, the performance limitations of the
superscalar architecture include dealing with data
dependencies, procedural dependencies, and resource
conflicts. [0007 ] As the superscalar architecture of
a processor becomes more complex, the difficulties of
scheduling instruction issue become more complex. As
such, hardware devoted to resolving dependencies and
deciding on instruction issue must grow as a
proportion of the total processor hardware. Another
way of understanding the superscalar architecture is
as a dynamic instruction scheduler. As such, the
processor hardware decides dynamically which
instructions to execute in parallel. [0008] An
alternative approach causes the compiler to statically
schedule execution. This is the basic concept behind
the VLIW architecture. The VLIW architecture
demonstrates both advantages and disadvantages. The
main advantage is the saving in processor hardware. Li
the VLIW architecture, the compiler decides whatcan be
executed in parallel, and the hardware simply executes
the instructions. There is no need to check for
dependencies or decide on scheduling. The compiler has
already resolved these issues. This means that much
more processor hardware may be devoted to useful
computation, larger caches, and other resources. As a
result, higher processor performance becomes possible.
[0009 ] There are, however, disadvantages associated
with the VLIW architecture. First, compilers may be
harder to build. Secondly, as application programs
increase in size, it may not always be practical to
find enough instructions that can be done in parallel
to fill all the available slots in an instruction
queue. It is likely, therefore, that the majority of
instructions, in typical applications, will have empty
instruction or issue slots. This results in wasted
space and larger code. [0010] For a wireless handset
DSP, therefore, there are advantages and disadvantages
associated with both superscalar and VLIW
architectures. A DSP capable 



of demonstrating the beneficial aspects of both
superscalar and VLIW architectures, while avoiding the
detrimental or disadvantageous aspects of these
architectures could result in significant processing
and operational improvements. Accordingly, there is a
need for a wireless handset DSP capable of
beneficially and synergistically integrating a
superscalar architecture with a VLIW architecture for
operating a wide variety of applications. SUMMARY
[0011] Techniques for mixed superscalar and VLIW
instruction issuing and processing are disclosed,
which techniques improve both the operation of the
processor and the efficient and more rapid processing
of digital signal processor instructions for
increasingly robust software applications for personal
computers, personal digital assistants, wireless
handsets, and similar electronic devices, as well as
increasing the processor speed and service quality.
[0012 ] According to one aspect of the disclosed
subject matter, there is provided a method and a
system for issuing and executing mixed architecture
instructions in a multiple-issue digital signal
processor. The digital signal processor receives, in a
mixed instruction listing, a plurality of digital
signal processor instructions. The plurality of
digital signal processor instructions includes a
plurality of parallel executable instructions (e.g.,
VLIW instructions or instruction packets) mixedamong a
plurality of series executable instructions (e.g.,
superscalar instructions). The series executable
instructions are associated by various instruction
dependencies. The method and system further identify
in the mixed instruction listing the plurality of
parallel executable instructions. Once identified, the
parallel executable instructions are first executed in
parallel irrespective of any such instruction's
relative order in the mixed instruction listing. Then,
the series executable instructions are executed
serially according to said various instruction
dependencies. [0013 ] These and other aspects of the
disclosed subject matter, as well as additional novel
features, will be apparent from the description
provided herein. The intent of this summary is not to
be a comprehensive description of the claimed subject
matter, but rather to provide a short overview of some
of the subject matter's functionality. Other systems,
methods, features and advantages here provided will
become apparent to one with skill in the art upon
examination of the following FIGUREs and detailed
description. It is intended that all such additional
systems, methods, features and advantages that are
included within this description, be within the scope
of the accompanying claims. BRIEF DESCRIPTIONS QF THE
DRAWINGS [0014] The features, nature, and advantages
of the disclosed subj ect matter will become more
apparent from the detailed description set forth below
when taken in conjunction with the drawings in which
like reference characters identify correspondingly
throughout and wherein: [0015] FIGURE 1 is a
simplified block diagram of a communications system
that can implement the present embodiment; [0016]
FIGURE 2 illustrates a DSP architecture for carrying
forth the teachings of the present embodiment; [0017]
FIGURE 3 presents a top level diagram of a control
unit for disclosed embodiment; [0018] FIGURE 4
presents certain aspects of the slot allocation
process for 



slot collision avoidance in an illustrative
embodiment; [0019 ] FIGURE 5 conceptually relates
certain aspects of read after write hazard processing
for one embodiment of the disclosed subject matter;
[0020] FIGURE 6 provides a steering logic diagram for
an illustration of the disclosed subject matter;
[0021] FIGURE 7 is a data flow diagram for the
superscalar issue process of the present disclosure;
and [0022 ] FIGURE 8 portrays write after write hazard
processing for the general purpose register of the
illustrated embodiment. DETAILED DESCRIPTION OF THE
SPECIFIC EMBODIMENTS [0023 ] FIGURE 1 is a simplified
block diagram of a communications system 10 that can
implement the presented embodiments. At a transmitter
unit 12, data is sent, typically in blocks, from a
data source 14 to a transmit (TX) data processor 16
that formats, codes, and processes the data to
generate one or more analog signals. The analog
signals are then provided to a transmitter (TMTR) 18
that modulates, filters, amplifies, and up converts
the baseband signals to generate a modulated signal.
The modulated signal is then transmitted via an
antenna 20 to one or more receiver units. [0024] At a
receiver unit 22, the transmitted signal is received
by an antenna 24 and provided to a receiver (RCVR) 26.
Within receiver 26, the received signal is amplified,
filtered, down converted, demodulated, and digitized
to generate in phase (T) and (Q) samples. The samples
are then decoded and processed by a receive (RX) data
processor 28 to recover the transmitted data. The
decoding and processing at receiver unit 22 are
performed in a manner complementary to the coding and
processing performed at transmitter unit 12. The
recovered data is then provided to a data sink 30.
[0025] The signal processing described above supports
transmissions of voice, video, packet data, messaging,
and other types of communication in one direction. A
bi directional communications system supports two-way
data transmission. However, the signal processing for
the other direction is not shown in FIGURE 1 for
simplicity. Communications system 10 can be a code
division multiple access (CDMA) system, a time
division multiple access (TDMA) communications system
(e.g., a GSM system), a frequency division multiple
access (FDMA) communications system, or other multiple
access communications system that supports voice and
data communication between users over a terrestrial
link. In a specific embodiment, communications system
10 is a CDMA system that conforms to the W-CDMA
standard.[0026] FIGURE 2 illustrates DSP 40
architecture that may serve as the transmit data
processor 16 and receive data processor 28 of FIGURE
1. Recognize that DSP 40 only represents one
embodiment among a great many of possible digital
signal processor embodiments that may effectively use
the teachings and concepts here presented. In DSP 40,
therefore, threads TOthrough T5 ("T0:T5"), contain
sets of instructions from different threads.
Instruction unit (IU) 42 fetches instructions for
threads T0:T5. IU 42 queues instructions 10 through 13
("10:13") into instruction queue (IQ) 44. IQ 44 issues
instructions 10:13 into processor pipeline 46.
Processor pipeline 46 includes control circuitry as
well as a data path. From IQ 44, a single thread,
e.g., thread TO, maybe selected by decode and issue
circuit 48. Pipeline logic control unit (PLC) 51
provides logic control to decode and issue circuitry
48 and IU 42. [0027 ] IQ 44 in IU 42 keeps a sliding
buffer of the instruction stream. Each of the six
threads T0:T5 that DSP 40 supports has a separate
eight-entry IQ 44, where each entry may store one VLIW
packet or up to four individual instructions. Decode
and 



issue circuitry 48 logic is shared by all threads for
decoding and issuing a VLIW packet or up to two
superscalar instructions at a time, as well as for
generating control buses and operands for each
pipeline SLOTO:SLOT3. In addition, decode and issue
circuitry 48 does slot assignment and dependency check
between the two oldest valid instructions in IQ 44
entry for instruction issue using, for example, using
superscalar issuing techniques. PLC 51 logic is shared
by all threads for resolving exceptions and detecting
pipeline stall conditions such as thread
enable/disable, replay conditions, maintains program
flow etc. [0028] In operation, general register file
(GRF) 52 and control register file (CRF) 54 of
selected thread is read, and read data is sent to
execution data paths for SLOT0:SLOT3. SLOT0:SLOT3, in
this example, provide for the packet grouping
combination employed in the present embodiment. Output
from SLOTO:SLOT3 returns the results from the
operations of DSP 40. [0029] The present embodiment
may employ a hybrid of a heterogeneous element
processor (HEP) system using a single microprocessor
with up to six threads, T0:T5. Processor pipeline 46
has six stages, matching the minimum number of
processor cycles necessary to fetch a data item from
IU 42. DSP 40 concurrently executes instructions of
different threads T0:T5 within a processor pipeline
46. That is, DSP 40 provides six independent program
counters, an internal tagging mechanism todistinguish
instructions of threads T0:T5 within processor
pipeline 46, and a mechanism that triggers a thread
switch. Thread-switch overhead varies from zero to
only a few cycles. [0030] DSP 40, therefore, provides
a general-purpose digital signal processor with
high-performance and low-power across a wide variety
of signal, image, and video processing applications.
FIGURE 3 provides a brief overview of the DSP 40
microarchitecture for one manifestation of the
disclosed subject matter. Implementations of the DSP
40 micro-architecture support interleaved
multithreading QMT). In this execution model, the
hardware supports concurrent execution of multiple
hardware threads T0:T5 by interleaving instructions
from different threads in the pipeline. This feature
allows DSP 40 to include an aggressive clock frequency
while still maintaining high core and memory
utilization. IMT provides high throughput without the
need for expensive compensation mechanisms such as
out-of-order execution, extensive forwarding networks,
and so on. Moreover, the DSP 40 may include variations
of EVIT, such as those variations and novel approaches
disclosed in the commonly-assigned U.S. Patent
Applications by M. Ahmed, et al, and entitled
"VariableInterleaved Multithreaded Processor Method
and System" and "Method and System for Variable
ThreadAllocation and Switching in a Multithreaded
Processor " such disclosures are here referred to as
the "BVIT Variations." [ 0031] The subject matter here
disclosed deals with the execution model of a single
thread. The software model of IMT can be thought of as
a shared memory multiprocessor. A single thread sees a
complete uni-processor DSP 40 with all registers and
instructions available. Through coherent shared memory
facilities, this thread is able to communicate and
synchronize with other threads. Whether these other
threads are running on the same processor or another
processor is largely transparent to userlevel
software. [0032] Turning to FIGURE 3, the present
micro-architecture 60 for DSP 40 includes control unit
(CU) 62, which performs many of the control functions
for 



processor pipeline 46. CU 62 schedules threads and
requests mixed 16-bit and 32-bit instructions from IU
42. CU 62, furthermore, schedules and issues
instructions to three execution units, shift-type
unit(SU) 64, multiply-type unit (MU) 66, and
load/store unit (DU) 68. CU 62 also performs
superscalar dependency checks. Bus interface unit
(BIU) 70 interfaces IU 42 and DU 68 to a system bus
(not shown).[0033 ] SLOTO and SLOTl pipelines are in
DU 68, SLOT2 is in MU 66, and SLOT3 is in SU 64. CU 62
provides source operands and control buses to
pipelines SLOT0:SLOT3 and handles GRF 52 and CRF 54
file updates. CU 62 accepts external inputs such as
interrupts and reset, and supports emulation unit (EU)
72. CU 62 also handles exceptions due to protection
violations occurring during address translations.
Mixed 16- and 32-bit instructions can be issued in
parallel, up to four at a time, in one embodiment of
micro-architecture 60. However, many different
variations of 16-bit, 32- bit, and other length
instructions may be implemented in other embodiment,
all within the scope of the disclosed subject matter.
Micro-architecture 60, furthermore, may also support
moving two 64-bit double words from CU 62 for each
cycle. [0034] GRF 52 holds thirty-two 32-bit registers
which can be accessed as single registers, or as
aligned 64-bit pairs. GRF 52 also holds all pointer,
scalar, vector, and accumulator data and provides
flexibility for service as a compiler target. CRF 54
holds special-purpose registers such as program
counter, status register. [ 0035] Micro-architecture
60 features a hybrid execution model that mixes the
advantages of superscalar and VLIW execution.
Superscalar issue has the advantage that no software
information is needed to find independent
instructions. There is no added code size or encoding
inefficiencies to provide multi-issue execution.
Additionally, superscalar issue can find parallel
instructions over branch boundaries which can be
difficult for a compiler. [0036] The advantage of VLIW
execution is that the software may identify many more
than two instructions for parallel execution,
especially in software pipelined loops which are
typical of DSP code. Micro-architecture 60, therefore,
combines the strengths of both execution models by
creating a hybrid model. The execution model of
micro-architecture 60 communicates VLIW packet
information for packets of three or more instructions.
For parallelism of one and two instructions,
micro-architecture 60 is responsible for
multi-instruction execution via dual superscalar
issue. In this way, micro-architecture 60 can deliver
wide issue parallelism with a minimal code size
penalty. Parallelism over branch boundaries in control
code may also be exploited. [0037] As described in
further detail below, instructions are encoded using
either 16-bit instructions or 32-bit instructions. The
two instruction sizes can be freely mixed in a
program. These mixed size instructions can be
packetized in groups for parallel execution. The
packets maybe of variable size. The 16-bit instruction
set ischosen to carefully match the needs of a
compiler generating dense control code. For a more
complete understanding of the approach that one
embodiment of the disclosed subject matter may employ
for distinguishing instruction sizes and packets of
mixed size instructions refer to commonly-assigned
U.S. Patent Application to L. Codrescu, et al.,
entitled "Method and System for Encoding Variable
Length Packets with Variable Instruction Sizes. " [
0038] DSP 40, using micro-architecture 60,
specifically supports the following classes of
applications: (1) communications signal-processing
(e.g., modems); (2) video processing (e.g., H.264
format); (3) image processing; (4) audio processing;
(5) 3-D graphics front-end software; and (6)
supporting control code, protocol stacks, 



RTOS, etc. As such, DSP 40 issues both VLIW
instruction packets, as well as and individual
superscalar issue instructions. Issue width for
individual instructions can range from one instruction
per issue slot to maximum VLIW packet plus one. As an
example, DSP 40 may issue as many as four instructions
in a VLIW packet per issue slot. Also, DSP 40 may
issue one or two instructions using superscalar issue.
[0039 ] In operation, DSP 40 constantly looks at the
instruction stream to find a VLIW instruction packet
that may be inserted into IQ 44. If such an
instruction packet exists, then IU 42 inserts the VLIW
instruction packet into IQ 44. Similarly, DSP 40 looks
for an individual instruction in the instruction
stream and loads the instruction into IQ 44. These
instructions are issued in superscalar mode provided
that the two such instructions do not possess registry
dependencies and no hardware hazard exists (described
in more detail below). [0040] CU 62, therefore,
operates at the center of the DSP 40 core, in terms of
both connectivity and physical placement to support
interleaved multi-threading (IMT). EvIT allows for
high throughput without complex out of order execution
logic. In IMT, the DSP 40 switches to a different
thread after each instruction fetch. Since IMT
eliminates control and data dependencies between
instructions in the pipeline, pipeline hazards cannot
arise and the processor pipeline can be easily build
without the necessity of complex forwarding paths.
This leads to processor pipeline 46 demonstrating no
hardware interlocking. Moreover, the context-switching
overhead is zero cycles. IMT requires at least as many
threads as pipeline stages in the processor. [0041] In
each of pipelines slots, SLOT0:SLOT3, six pipeline
stages occur, beginning with a decode stage and ending
with a write back stage for register update.After the
decode stage decodes an instruction and initiates a
register file read, a register file stage performs a
register file read and launches the data to execution
units. Register file read is possible in both decode
and register file stages, because of DSP 40's IMT
micro-architecture, which provides a dedicated GRF 52
and CRF 54 file for each thread. The staggered access
of register files in the decode and register file read
stages reduces the number of read ports required for
the register file. Data from the GRF 52 or from the
instructions is provided to the four execution slots
with the opcode during the register file stage. Branch
instructions are resolved during the register file
stage and IU 42 is directed to get the next sequential
or the target address of the branch. [ 0042 ] Two
execution stages support instruction execution, while
a third execution stage provides both instruction
execution and register file update. Moreover, a fourth
stage provides for registry file updating. During the
execution and write back stages IU 42 builds the next
IQ 44 entry to be executed. Finally, a write back
stage performs register update. The staggered write to
register file operation is possible due to EVIT
micro-architecture and saves the number of write ports
per thread. Because the pipelines have six stages, CU
52 may issue up to six different threads. [ 0043 ] The
following discussion describes the operation of one
embodiment of decode and issue circuitry 48. Decode
and issue circuitry 48 decodes the instructions
provided by IU 42 and issues the opcode and immediate
operands to the execution units, SU 64, MU 66, and DU
68. If decode and issue circuitry 48 receives a VLIW
packet, the instructions align with the slots and no
steering is required. Because VLIW instructions within
the packet do not have any register dependencies, no
dependency check occurs. IQ 44 may provide up to four
superscalar instructions to decode and issue circuitry
48 at a time. And, DSP 40 can issue maximum of two
instructions if there are 



no resource collisions or register dependencies. [
0044] i case of superscalar instructions, slot
allocation and dependency check for the two
instructions is necessary. Decode and issue circuitry
48 performs slot allocation for assigning an
instruction to a slot. At such slot the instruction
may be executed. Decode and issue circuitry 48 also
performs registry dependency checking to ensure that
younger instruction (II) does not use results
generated by older instructions (10). If the
dependency checks pass, 10:11 are issued. In the case
of a dependency between 10 and II, only 10 is
issued.[0045 ] Decode requirements of superscalar
instructions and VLIW packets are slightly different.
Not much decoding is required for VLIW packet. This is
because with VLIW instructions the compiler assures
that that there are no register dependencies within
the packet. Similarly, VLIW packets require no
instruction steering or execution slot allocation,
because the compiler also aligns instructions with the
execution slots. The only decode performed with VLIW
instructions is for detecting whether the instructions
have certain Rs or Rt fields (described below) and
whether operand sizes are 32 bits or 64 bits. DSP 40
uses this information to turn on the enables for GRF
52 for 32- or 64-bit reads, so as to reduce energy
consumption. [ 0046] In contrast, for superscalar
instruction issue, slot assignments according registry
dependences and hardware hazards must occur. In
addressing superscalar instructions decode functions,
recall that DSP 40 may issue a maximum of two
superscalar instructions in a cycle. A main reason
that DSP 40 becomes a single issue machine is that
slot/resource collision and register dependencies
arise between the two instructions. Moreover,
superscalar instruction issue requires instruction
steering as 10 can be steered to any of the four slots
SLOTl :SLOT3 according to the instruction class. Slot
collision detection and register dependency check may
occur in the decode stage. [0047 ] One embodiment of
the disclosed subj ect matter includes a slot
collision avoidance algorithm to resolve a slot
collision or resource hazard between 10 and II. When
such occurs, II, the younger instruction, is not
issued in the decode stage. Instead, I l is issued
once the 10 instruction is committed. The optimal slot
allocation solution for 10 and Il includes I Oslot
allocation being dependent on I l slot allocation and
vice-versa. FIGURE 4, therefore, shows one embodiment
of table 82 for depicting the result of slot
allocation algorithm for instructions 10 and II. [0048
] In FIGURE 4, each entry indicates the slot allocated
to 10 and slot allocated to II. The term, NG(no-go),
indicates that II, (the older) instruction, will not
be issued. Those cells with the "X" indicate that such
a situation cannot happen. As an example, 1/0
indicates 10 is allocated to SLOTl and Il is allocated
to SLOT0. Similarly, 0/NG indicates 10 is allocated to
slot 0 and I l is not issued. The cells with
horizontal hash shading indicate cases where Il slot
allocation depends on 10. Similarly, cell with
vertical shading marks indicate cases where 10 slot
allocation depends on II.[0049 ] In certain
situations, DSP 40 operates as a single issue
superscalar machine due to structural hazards. These
hazards occur when both 10 and Il are ST ICLASS, S
ICLASS, M ICLASS. Register dependency can make DSP 40
a single issue machine. There are the following types
of dependencies between the older and younger
instruction. These include a write after write hazard
(WAW), wherein two instructions are writing to the
same target. A read after write (RAW) hazard occurs
when a younger instruction is reading the target of
the older instruction. However, if the older and
younger instructions issue together, the read receives
the old data. In the present 



embodiment, aWAW hazard is not common. Accordingly,
one embodiment of DSP 40 does not detect this type of
register hazard. So, the older and younger
instructions are issued even if they have a WAW
hazard. Then, the younger instruction may be discarded
in the decode stage. The RAW hazard is detected in the
decode stage and, in this case, the younger
instruction is not even issued. It will be issued in
the future thread cycle. [0050] FIGURE 5 conceptually
relates certain aspects of read after write hazard
processing for one embodiment of the disclosed subject
matter. Specifically, in FIGURE 5 the RAW hazard
detection process 90 includes detecting collisions
between younger instruction 92 and older instruction
94. Comparisons 96 occur between younger instruction
92 operands Rt 98, Rs 100 and Rx 102 and older
instruction 94 operands Rx 104 and Rd/Rx 106.
Detection of the RAW hazard, therefore, uses six
comparators 96 per thread to detect RAW hazard. If
there is RAW hazard, then older instruction 94 is
issued by itself and the younger instruction is not
issued in the present cycle. [0051] FIGURE 6 provides
a steering logic diagram 110 for an illustration of
the disclosed subject matter. During the decode stage
112 of DSP 40, pipeline instructions 10:13 are steered
to the execution slots SLOT0:SLOT3 and decode-based
GRF 52 read access begins. Enables and register
indices for the four read ports to be read in the
register file stage 114 are also generated in decode
stage 112. Data required by the slots for execution,
such as opcode, immediate values, predicate registers
and control registers are sent to the corresponding
execution slots in at the beginning of register file
stage 114. GRF 52 provides the data for the reads
started in decode stage 112 during the middle of the
register file stage 114. For the read accesses started
in register file stage 114, GRF 52 provides data in
the first execution stage 116.Dependency checks and
slot allocation for superscalar instructions are also
done during decode stage 112. [ 0052 ] VLIW packet
instructions are aligned to their corresponding slots
and do not require steering. In decode stage 112
instruction steering, DSP 40 can issue two superscalar
instructions in one cycle and they could go to any of
the four execution slots SLOT0:SLOT3 if no resource
collision occurs. [0053 ] FIGURE 7 shows dataflow
diagram 120 of a superscalar issue algorithm for
performing slot allocation (SA) and dependency checks
(Dep) in either the decode stage. So, with reference
to FIGURE 7, at node 122, a new IQ 44 entry occurs and
10:11 may occur. In this process, a number of
different paths are possible. For example, path 124
shows 10 being committed and Il being not valid. Such
a case may occur when 10 entry has only one valid
instruction. Alternatively, path 126 shows 10 being
replayed. Since 10 is the older instruction, no
forward progress will occur upon replaying 10. hi path
128, 10 and Il are committed and process flow goes to
node 130. Alternatively, from node 122, Il may collide
with 10 and 10 be committed via path 132 to node 134.
[ 0054] At node 130, slot allocation, dependency
checks, and issue for 12 and 13 may occur. Path 136
depicts 12 being replayed to node 130. Path shows 12
being committed and 13 not being valid for flow back
to node 122. Alternatively, in path 140 13 collides
with 12, and 12 is committed to move to node 142.
[0055 ] At node 134, slot allocation, dependency
checking, and issue of I l and 12 occurs. From node
134, Il maybe replayed along path 144 back to node
134. Or, 



along path 146, I l may be committed and 12 is not
valid, causing flow to return to node 122.
Alternatively, if 12 collides with II, and I l is
committed, then flow goes along path 148 to node 130.
[0056] At node 142, 13 issue occurs. From node 142, 13
replay may occur along path 150 back to node 142. From
node 142, along path 152 13 is committed, and process
flow returns to node 122. [0057 ] Now, no dependency
checking or slot allocation is required for VLIW
packet operations, since the instructions are
parallel. In case of superscalar issue, however, slot
allocation and RAW register, and predicate dependency
check are required. For 10 and II, dependency checks
and slot allocation occurs during the decode
stage.[0058] FIGURE 8 portrays write after write (WAW)
hazard process 160 for the GRF 52 of the illustrated
embodiment. WAW hazard detection process 160 uses
comparisons 162 to compare, for example, operands Rx
164 and Rd/Rx 116 of younger instruction 168 with
operands Rx 170 and Rd/Rx 172, for example, of older
instruction 174. [0059 ] DSP 40 always tries to issue
two instructions per cycle to maximize performance. As
a result of the DSP 40 circuitry, the
micro-architecture 60 and the various slot allocation,
dependency checking, and instruction issue steps and
processes described above, the present embodiment
provides an efficient process for the mixed issuing
and processing of superscalar and VLIW instructions.
The helps to establish a robust digital signal
processing environment for wireless handset
operations. [ 0060] In summary, therefore, the
disclosed subject matter provides a method and a
system for issuing and executing mixed architecture
instructions in a multipleissue digital signal
processor receives in a mixed instruction listing a
plurality of digital signal processor instructions.
The plurality of digital signal processor instructions
includes a plurality of parallel executable
instructions (e.g., VLIW instructions or instruction
packets) mixed among a plurality of series executable
instructions (e.g., superscalar instructions). The
series executable instructions are associated by
various instruction dependencies. The method and
system further identify in the mixed instruction
listing the plurality of parallel executable
instructions. Once identified, the parallel executable
instructions are first executed in parallel
irrespective of any such instruction's relative order
in the mixed instruction listing. Then, the series
executable instructions are executed serially
according to said various instruction dependencies.
[0061] The approach of the disclosed subject matter
may be used in operating systems for combining the
advantages of both VLIW and superscalar instruction
processing. In an operating system, VLIW instruction
issuance may occur frequently. This is because
operating system instructions are frequently of the
form requiring (1) the checking of a certain
condition, and (2) executing a responsive instruction.
This creates minimal dependencies and allows for the
rapid identification and issuance of VLIW
instructions. [0062 ] The processing features and
functions described herein can be implemented in
various manners. For example, not only may DSP 40
perform the above-described operations, but also the
present embodiments may be implemented inan
application specific integrated circuit (ASIC), a
microcontroller, a microprocessor, or other electronic
circuits designed to perform the functions described
herein. The foregoing description of the preferred
embodiments, therefore, is provided to enable any
person skilled in the art to make or use the claimed
subject matter. Various 



modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic
principles defined herein may be applied to other
embodiments without the use of the innovative faculty.
Thus, the claimed subject matter is not intended to be
limited to the embodiments shown herein but is to be
accorded the widest scope consistent with the
principles and novel features disclosed herein.CLAIMS
WHAT IS CLAIMED IS: 1. A method for issuing and
executing mixed architecture instructions in a
multiple-issue digital signal processor, comprising
the steps of: receiving in a mixed instruction listing
a plurality of digital signal processor instructions,
said plurality of digital signal processor
instructions comprising a plurality of parallel
executable instructions mixed among a plurality of
series executable instructions, said series executable
instructions associated by various instruction
dependencies; identifying in said mixed instruction
listing said plurality of parallel executable
instructions; executing in parallel said parallel
executable instructions irrespective of the relative
order of said parallel executable instructions in said
mixed instruction listing; and executing serially said
series executable instructions according to said
various instruction dependencies. 2. The method of
Claim 1, further comprising the step of executing VLIW
instructions as said plurality of parallel
instructions. 3. The method of Claim 1, further
comprising the step of executing superscalar
instructions as said series executable instructions.
4. The method of Claim 1, further comprising the step
of executing said plurality of parallel executable
instructions independent of performing a slot
collision avoidance process on said plurality of
digital signal processor instructions. 5. The method
of Claim 1, further comprising the step of detecting a
read after write hazard among said plurality of series
executable instructions.6. The method of Claim 1,
further comprising the step of detecting a write after
read hazard among said plurality of series executable
instructions. 7. The method of Claim 1, wherein said
step of executing said plurality of parallel
executable instructions further comprises the step of
executing up to four parallel VLIW instructions in a
single issue slot. 8. The method of Claim 1, wherein
said step of executing said plurality of parallel
executable instructions further comprises the step of
executing a VLIW packet comprising up to four VLIW
instructions and one header instruction in a single
issue slot. 9. The method of Claim 1, wherein said
step of executing said plurality of series executable
instructions further comprises the step of executing
up to five series executable instructions in a single
issue slot. 10. An integrated circuit forming a
portion of a digital signal processor for encoding and
processing instructions of mixed lengths, the
integrated circuit comprising: an instruction unit for
receiving in a mixed instruction listing a plurality
of digital signal processor instructions, said
plurality of digital signal processor instructions
comprising a plurality of parallel executable
instructions mixed among a 



plurality of series executable instructions, said
series executable instructions associated by various
instruction dependencies; a decode circuit for
identifying in said mixed instruction listing said
plurality of parallel executable instructions; a
control circuit for executing in parallel said
parallel executable instructions irrespective of the
relative order of said parallel executable
instructions in said mixed instruction listing; and
said control circuit further for executing serially
said series executable instructions according to said
various instruction dependencies. 11. The integrated
circuit of Claim 10, wherein said control circuit
further comprises circuitry for executing VLIW
instructions as said plurality of
parallelinstructions. 12. The integrated circuit of
Claim 10, wherein said control circuit further
comprises circuitry for executing superscalar
instructions as said series executable instructions.
13. The integrated circuit of Claim 10, wherein said
control circuit further comprises circuitry for
executing said plurality of parallel executable
instructions independent of performing a slot
collision avoidance process on said plurality of
digital signal processor instructions. 14. The
integrated circuit of Claim 10, further comprising
decoding and issue circuitry for detecting a read
after write hazard among said plurality of series
executable instructions. 15. The integrated circuit of
Claim 10, further comprising decoding and issue
circuitry for detecting a write after read hazard
among said plurality of series executable
instructions. 16. The integrated circuit of Claim 10,
wherein said control circuit further comprises
circuitry for executing up to four parallel VLIW
instructions in a single issue slot. 17. The
integrated circuit of Claim 10, wherein said control
circuit further comprises circuitry for executing a
VLIW packet comprising up to four VLIW instructions
and one header instruction in a single issue slot. 18.
The integrated circuit of Claim 10, wherein said
control circuit further comprises circuitry for
executing up to five series executable instructions in
a single issue slot.19. A digital signal processor for
encoding and processing instructions of mixed lengths,
the digital signal processor comprising: means for
receiving in a mixed instruction listing a plurality
of digital signal processor instructions, said
plurality of digital signal processor instructions
comprising a plurality of parallel executable
instructions mixed among a plurality of series
executable instructions, said series executable
instructions associated by various instruction
dependencies; means for identifying in said mixed
instruction listing said plurality of parallel
executable instructions; means for executing in
parallel said parallel executable instructions
irrespective of the relative order of said parallel
executable instructions in said mixed instruction
listing; and means for executing serially said series
executable instructions according to said various
instruction dependencies. 



20. The digital signal processor of Claim 19, wherein
said executing means further comprises means for
executing VLIW instructions as said plurality of
parallel instructions. 21. The digital signal
processor of Claim 19, wherein said executing means
further comprises means for executing superscalar
instructions as said series executable instructions.
22. The digital signal processor of Claim 19, wherein
said executing means further comprises means for
executing said plurality of parallel executable
instructions independent of performing a slot
collision avoidance process on said plurality of
digital signal processor instructions. 23. The digital
signal processor of Claim 19, further comprising means
for detecting a read after write hazard among said
plurality of series executable instructions. 24. The
digital signal processor of Claim 19, further
comprising means circuitry for detecting a write after
read hazard among said plurality of series
executableinstructions. 25. The digital signal
processor of Claim 19, wherein said executing means
further comprises means for executing up to four
parallel VLIW instructions in a single issue slot. 26.
The digital signal processor of Claim 19, wherein said
executing means further comprises means for executing
a VLIW packet comprising up to four VLIW instructions
and one header instruction in a single issue slot. 27.
The digital signal processor of Claim 19, wherein said
executing means further comprises means for executing
up to five series executable instructions in a single
issue slot. 28. A computer usable medium having
computer readable program code means embodied therein
for operation in association with a digital signal
processor for encoding and processing instructions of
mixed lengths, the computer usable medium comprising:
computer readable program code means for receiving in
a mixed instruction listing a plurality of digital
signal processor instructions, said plurality of
digital signal processor instructions comprising a
plurality of parallel executable instructions mixed
among a plurality of series executable instructions,
said series executable instructions associated by
various instruction dependencies; computer readable
program code means for identifying in said mixed
instruction listing said plurality of parallel
executable instructions; computer readable program
code means for executing in parallel said parallel
executable instructions irrespective of the relative
order of said parallel executable instructions in said
mixed instruction listing; and computer readable
program code means for executing serially said series
executable instructions according to said various
instruction dependencies.29. The computer usable
medium of Claim 28, further comprising computer
readable program code means for executing VLIW
instructions as said plurality of parallel
instructions. 


